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LASER TECHNOLOGY FOR COWWICATPONS 
l , PNTRODUa ION 
- 
This document r epor t s  t h e  a c t i v i t i e s  and p r inc ipa l  r e s u l t s  
of  t h e  f i r s t  s i x  months of an innovative program i n  t h e  development 
of Baser technology f o r  eomunicat ions.  The program cons i s t s  of a  
number of b a s i c  inves t iga t ions  i n  those technica l  a reas  deemed t o  
be p a r t i c u l a r l y  c r u c i a l  f o r  l a s e r  eomunicat ions ,  There i s  a l s o  an 
overa l l  e f f o r t  aimed a t  rapid  development of  t h e  bas ic  r e s u l t s  of  
t h e s e  in-depth s t u d i e s ,  
Of t h e  various e f f o r t s  reported here ,  the  study of t h e  
Stark  e f f e c t  i n  molecular gases i s  c l e a r l y  re levant  t o  the  need f o r  
wideband modulators f o r  l a s e r s  operat ing a t  in f ra red  wavelengths. 
I n  f a c t ,  t h e  Stark  e f f e c t  s t u d i e s  proved t o  be successfuB i n  t h i s  
r e spec t ,  I t  i s  now c l e a r  t h a t  S tark  f i e l d  gas modulators a r e  
p r a c t i c a l  and a r e  competitive with e l ee t ro -op t i e  c r y s t a l  modulators, 
In a second i n v e s t i g a t i m ,  we s tudied  how a CO Baser i n  a 2 
space approved l a s e r  package would perform as  t h e  gas pressure  
decreased with age, as t h e  discharge current  var ied ,  s t h e  cav i ty  
length changed andfor a s  t h e  e l ec t ro -op t i c  c r y s t a l  modulator heated 
up perlapklaps unevenly i n  t h e  cav i ty ,  Since t h e  various t r a n s i t i o n s  i n  
t h e  9,6v and l0,6v wavelength regions compete with each o the r ,  
in i t i a l%y it was q u i t e  questionable whether a C Q 2  laser operat ing 
without m y  frequency s e l e c t i n g  element i n  t h e  cav i ty  could always 
be  depended upon t o  o s c i l l a t e  a t  some s p e c i f i c a l l y  chosen t r a n s i t i o n  
even i f  t h e  cav i ty  length could be tuned a t  w i l l .  This  problem was 
named the  Y O  l a s e r  s ignature  problemw. A s t a b l e  l a s e r  was 2 
s p e c i f i c a l l y  b u i l t  f o r  t h i s  inves t iga t ion  and an extens ive  s e r i e s  o f  
experiments showed t h a t  q u i t e  fo r tuna te ly  c e r t a i n  Pines always 
o s c i l l a t e d  and could be depended upon t o  compete e f f e c t i v e l y  with 
a l l  o the r  t r a n s i t i o n s  over a wide range of operat ing condit ions.  
The t h i r d  inves t iga t ion  c a r r i e d  out during t h i s  pas t  s i x  
month period concerns l a s e r  s t a b i l i z a t i o n  schemes and t h e  r e a l i z a t i o n  
o f  t u n h l e  loca l  o s c i l l a t o r s ,  The ac tua l  inves t iga t ion  was i n  t h e  
f e r n  of  a high resolu t ion  a d  high s e n s i t i v i t y  inves t iga t ion  of t h e  
molecular s p e c t r a  of t h e  gas SF6 i n  t h e  10,6u micron wavelength 
region,  The technique used is  a novel combination of heterodyne 
de tec t ion  a d  Inverted Lmb Dip Speetroseopy, 
The p r inc ipa l  f e a t u r e s  of t h e  r e s u l t s  of these  t h r e e  
inves t iga t ions  a r e  summarized i n  sec t ion  2 ,  The d e t a i l s  of  these  
inves t iga t ions  a r e  presented i n  sec t ions  3 ,  4 and 5, 
An account of t h e  CO l a s e r  s i g n a u r e  problem has been 2 
accepted f o r  publ ica t ion  i n  Applied Optics,  The Inverted Lamb Dip 
Spect ra  of  SF6 is being prepared f o r  publ ica t ion  probably i n  
Applied Physics Let ters .  
A t  present  t h e r e  are no immediate plans f o r  publicat ion sf the  Stark 
Modulation r e s u l t s ,  However accounts of  some f a c e t s  of t h i s  work 
w i l l  be presented a t  t h e  UMR-Kelly Commnications Conference t o  be 
held i n  October 1970 a t  t h e  Universi ty of Missouri and a l s o  a t  t h e  
October meeting of t h e  Optical  Society o f  America, It i s  expected 
t h a t  Paul C .  CPaspyDs t h e s i s  on High Frequency Stark  Modulation of 
CO Lasers w i l l  be submitted f o r  publ ica t ion on completion, 2 
2, S M OF WORK ACCOMPLISHED DURING PERIOD 
In t h e  Stark modulation s t u d i e s ,  seventeen gases were 
evaluated as poss ib le  candidates f o r  use i n  gas modulators f o r  
C02 Pasers ,  In  so  f a r  a s  l i n e a r i t y  of response t o  t h e  Stark  f i e l d ,  
depth o f  modulation and lack of d ispers ion  with respect  t o  frequency, 
the  most promising gas and l a s e r  l i n e  combinations a r e  l , l  
Difluoroethylene with t h e  P(22) l i n e  of  t h e  l0,6p t r a n s i t i o n  and 
Methyl bromide with t h e  P(26) l i n e  of t h e  9,6p t r a n s i t i o n .  
For these  combinations and f o r  out  of cavi ty  modulators, 
a 50% modulation can be obtained with a moduPator about 50 em long 
and an applied f i e l d  of 400 v o l t s  peak t o  peak and a 400 v/cm D.C.  
b i a s  f i e l d ,  I t  was demonstrated t h a t  a f i v e  path c e l l  PO ems i n  
length wouPd perform equally well .  A t  a gas pressure  of  about 
1.5 Torr ,  t h e  response d id  not  change with frequency up t o  25 MHz. 
I t  i s  expected t h a t  such nondispersive response may be obtained 
t o  about 80 MHz, above which d ispers ion  becomes not iceable  and 
t h e  magnitude of  t h e  response decreases with frequency, 
In t h e 1 t 0 2  l a s e r  s ignarure  problem" inves t iga t ion ,  it was 
found t h a t  it i s  poss ib le  t o  opera te  a C02 l a s e r  without a frequency 
s e l e c t i n g  u n i t  i n  t h e  cav i ty  and confidently expect t h a t  t h e  PO,6p 
Pines P(l69,  P(P8) and P(20) w i l l  o s c i l l a t e  provided t h e  cav i ty  
length can be  tuned over a d i s t ance  of about 5 microns, These 
t r m s i t i o n s  dominate s o  e f f e c t i v e l y  over s t h e r  t r a n s i t i o n s ,  t h a t  
they o s c i l l a t e  over q u i t e  a la rge  port ion o f  t h e i r  normal gain 
curve even i n  t h e  face  of  sueh competition, This dominmee i s  
sustained over a l a rge  range of l a s e r  operat ing condi t ions ,  
The Inverted Lmb Dip method of  studying t h e  d e t a i l s  of 
molecular spec t ra  is very powerful because t h e  method e f f e c t i v e l y  
s t r i p s  an absorption l i n e  of  i t s  inhomogeneous broadening and 
revea l s  whether an apparently broad l i n e  i s  r e a l l y  made up of 
severa l  overlapping independent t r a n s i t i o n s ,  Using heterodyne 
detec t ion  i n  combination with Inverted Lamb Dip spectroscopy has s o  
increased t h e  accuracy o f  t h e  method t h a t  minute d e t a i l s  o f  the  
absorption s p e c t r a  of SF i n  t h e  spec t ra l  regions of t h e  P(16), and 6 
P( l8)  l i n e s  of  t h e  0 0 ~ 1  - 1 0 ~ 0  t r a n s i t i o n  of t h e  C02 l a s e r  have 
now been revealed,  I t  t u r n s  out t h a t  t h e r e  a r e  24 Pines within t h e  
gain curve of  t h e  P(B6) l i n e  s f  t h e  0 0 ' ~  - P O ~ O  t r a n s i t i o n  and it 
was poss ib le  t o  observe 43 SF absorption l i n e s  wi th in  t h e  gain 6 
curve of  t h e  P(l8) lime of t h e  same lO06u t r a n s i t i o n ,  Using 
h e t e r o d p e  methods, l i n e  spacings on t h e  order  of P MHz were 
measured and t h e  r e s u l t i n g  Pine spec t ra  were refereneed t o  l a s ing  
l i n e  center ,  
3,  STARK MODUEATIQN OF CQ2 LGERS 
Although a g rea t  deal  i s  known about Stark  e f f e c t s  i n  
e l e c t r o n i c  and microwave spec t ra ,  mt i l  recen t ly  the re  has been 
very l i t t l e  i n t e r e s t  i n  t h e  e f f e c t s  of Stark  f i e l d s  on v ib ra t iona l -  
r o t a t i o n a l  in f ra red  s p e c t r a  of  molecular gases, 
l L a d m a  and Msrantz were f i r s t  t o  demonstrate t h a t  the  
Stark  e f f e c t  i n  mo%ecular gases could be used t o  modulate t h e  
output of  in f ra red  l a s e r s .  Thei r  prel iminary work was c a r r i e d  out 
at frequencies not  exceeding 256 Hertz and involved t h e  use of  
high modulating f i e l d s  t y p i c a l l y  of  t h e  order  of  l kilovolt/em 
o r  more. Since then Claspy and ~ a o " ~  have extended these  
techniques t o  high frequencies and have a l s o  exploi ted  t h e  use 
of D O C ,  b i a s  f i e l d s  t o  eircwnvent t h e  use o f  high modulating 
A,C, f i e l d s ,  
The purpose s f  t h e  inves t iga t ions  reported here  has been 
t o  de ternine  which gases a re  s u i t a b l e  for use a s  Stark  modulators 
o f  t h e  carbon dioxide l a s e r ,  There a r e  severa l  reasons which 
j u s t i f y  t h i s  e f f o r t ,  There e x i s t s  a r e a l  need f o r  an e f f i c i e n t  
wideband modulator f o r  t h e  in tense  l i n e s  P(l6) t o  P(22) of  t h e  
00°1 - 10°0 bands i n  C02 ,  which a r e  t h e  bes t  candidates a s  c a r r i e r s  
i n  an o p t i c a l  comunieat ions system, A s u i t a b l e  gas which exh ib i t s  
a la rge  Stark  effect on one sf these  Pines would have several 
advantages over current  e l e c t r s - o p t i c  modu%ators, The gas modulators 
6 
operate a t  r e l a t i v e l y  Pow voltages and so r equ i re  very l i t t l e  
power, In addi t ion ,  these  devices a r e  e a s i l y  constructed and a r e  
o p t i c a l l y  uniform, To f u r t h e r  develop Stark e f f e c t  o p t i c a l  
modulators the re  i s  need t o  inves t iga te  t h e  e f f e c t s  o f  e l e c t r i c  
f i e l d s  on d i f f e r e n t  molecules when these  a r e  sub jec t  t o  in tense  
beams of electromagnetic rad ia t ion ,  t o  experimentally determine 
t h e  v a r i a t i o n  sf t h e  Stark e f f e c t  with l i g h t  i n t e n s i t y ,  f i e l d  
i n t e n s i t y  and f requency , 
3.1 Evaluation of  Gases 
While, i n i t i a l l y  some time was spent  on t h e  p o s s i b i l i t y  
o f  predic t ing  which gases would be s u i t a b l e ,  it was quickly 
rea l i zed  t h a t  with t h e  speet rsscopie  da ta  and molecular constants  
which a r e  current%y ava i l ab le ,  one could make only s l i g h t l y  b e t t e r  
than an educated guess a s  t o  t h e  usefulness of a p a r t i c u l a r  gas, 
On t h i s  premise then,  t h e  prime eonsidera t i sn  i n  t h e  
choice of gases t o  be  evaluated experimentalPy was t h e  very 
pragmatic one of a v a i l a b i l i t y ,  The contents  of t h e  catalogues of 
t h e  major gas supply houses were scanned f o r  gases which s a t i s f i e d  
t h e  following c r i t e r i a ,  
l o  The moPecaaTar s y m e t r y  was e i t h e r  thize of a symmetric 
top o r  s f  an asymmetric top ,  
2, t h e  existence of a permanent dipole moment, and 
7 
9 ,  t he  presence of  a b s o q t i o n  i n  t h e  9 , 6  s % l y  
wavelength region,  
3,2 Experi ment a l  Arrmgement 
The apparatus used i n  t h e  evaluat ion o f  these  gases i s  
shown schematicaPBy i n  Figure 3 , % ,  
The l a s e r  system e q l o y e d  a 80 em l a s e r  tube which was 
water jacketed a d  had n icke l  e lec t rodes  m d  sodium chlor ide  windows. 
The bore o f  t h e  discharge tube was 7mm and t h e  cav i ty  length 
1.69 meters. The l a s e r  gas mix was 60.9% He: 16.9% C02: 
7.5% N2: 4.65% H2 and t h e  rube was operated sea led  o f f  a t  one o f  
seve ra l  pressures  between 8 a d  16 Torr, 
Several  d i  f f e r e n t  Stark c e l l s  have been e-npl oyed both 
i n s i d e  m d  ou t s ide  t h e  Baser cavi ty ,  Most o f  t h e  work aimed a t  
inves t iga t ing  i n t r a c a v i t y  modulation was performed with a 10 em 
long c e l l  with a l em elec t rode  separa t ion  a s  shown i n  Figure 3,2, 
The c e l l  windows (not shown) a r e  2 inch d i m e t e r  sodium chlor ide  
f l a t s ,  In addi t ion  t o  the  PO em c e l l ,  another  e e l l  o f  t h e  same 
type, but l meter i n  length ,  was used i n  ext ra-cavi ty  s tud ies ,  
A t h i r d  Stark c e l l  o f  d i f f e r e n t  design was used t o  explore t h e  
e f f e c t  of v a r i a t i o n  of  t h e  a g l e  between t h e  applied e l e c t r i c  f i e l d  
m d  t h e  po la r i za t ion  of  t h e  l a s e r  l i g h t ,  This ee l1  consisted of  
a 32 em g lzss  tube having 5 m diametez, which i s  closed by % inch 
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Naca windows. A p a i r  of p a r a l l e l  electrodes, 27 w 4 - 4  em, a r e  
supported on e i t h e r  s i d e  sf the  gas tube,  These p l a t e s ,  which 
a r e  separated by 7 mm, can be ro ta ted  about t h e  tube a x i s  t o  change 
t h e  d i r e c t i o n  o f  t h e  Stark  f i e l d ,  
During these  measurements, most of  t h e  da ta  were taken a t  
e i t h e r  32 o r  143 KHz, The a v a i l a b i l i t y  of  high voltage o s c i l % a t o r s ,  
I 
each capable o f  up t o  1 kv peak t o  peak output ,  d i c t a t e d  t h e  choice 
of  t h e s e  frequencies,  A D O C ,  b i a s  of  up t o  400 v o l t s  could be 
simu%tmeous l y  applf ed t o  t h e  e e l  1, 
3 ,1 ,% Experiments% Procedure 
The i n i t i a l  inves t iga t ions  on a l l  gases were c a r r i e d  out 
using the  10 em Stark eel1 posit ioned i n s i d e  t h e  l a s e r  cav i ty ,  With 
t h e  Stark c e l l  evacuated, t h e  l a s e r  i s  f i r s t  tuned t o  t h e  l i n e  t o  
be  s tud ied  by adjustment of t h e  cav i ty  r e f l e c t i o n  gra t ing .  The 
laser gain p r o f i l e  o f  t h e  se lec ted  t r a n s i t i o n  can then be displayed 
on an osci f l sseope by length tuning t h e  cav i ty  with a p i e z o e l e c t r i c  
mirror  t r m s l a t o r ,  A s w l e  of t h e  prospective modulator gas i s  
slowly admitted t o  t h e  ine racav i ty  c e l l ,  Gene~alBy, it was found 
t h a t  gases which subsequently proved t o  be sui table  Stark e f f e c t  
modulators quenched l a s e r  o s c i % l a t i s n  a t  zabsorber pressures  l e s s  
t h m  10 Torr ,  I f  t h i s  occurred, t h e  absorber was slowly pumped out 
u n t i l  l a s e r  act ion jus t  begm, A': t h i s  p o i n t ,  a combination of 
A,C ,  and DOC, e l e c t r i c  f i e l d s  were applied to the c e l l ,  
Modulation sf t h e  l a s e r  output could then be  observed a s  time 
v a r i a t i o n s  of  t h e  l a s e r  ga in  p r o f i l e ,  a s  shown i n  Figure 3 . 3 ,  
TRe e f f e c t s  of various combinations o f  A,C,  and D O C ,  f i e l d  
amplitudes were examined a t  a s e r i e s  o f  pressures  a s  the  c e l l  was 
f u r t h e r  evacuated, 
Since t h e  object  of  t h e s e  prel iminary inves t iga t ions  was 
t o  seek gasses which produce l a rge  modlealation depths on t h e  
s t ronger  C02 l a s e r  l ines ,  and i n  t h e  i n t e r e s t  of  examining many 
gasses quickly,snly very rough es t imates  sf modulation depth 
were made, 
3 , 3  P n t r a c w i t y  Modulation Results  
Pntraeavity Stark modulation has been inves t iga ted  on t h e  
s t ronger  Cransi t ions of  t h e  00'1 - 10'0 band of  C02 and some l i n e s  
o f  t h e  00"l - 02'0 band with the following gasses:  
Methyl Chloride 
Methyl Fluoride 
Methyl Bromide 
Vinyl Chloride 
Viny l Bromi de 
Vinyl Fluoride 
Methyl Acetylene 
Ethyl Bromide 
Ethyl Iodide 
Dfmethyl Ether 
1-1 Difluoroethylene 
Figure 3 - 3  Tmieal Response During Simultmeous Modulation 
m d  Laser Sweep. 
Trichloroethylene CCR2 - CCRH 
Dichlsrodifluoromethme CC%F2 
Monochloropentafluoroethane C 2 C S  5 
Propyfene 
'sH6 
Bromotrifluoromethane CRPF 3 
Specia l  emphasis was given t o  t h e  modulation of  the  
P(l6) through P(22) l i n e s  i n  t h e  1 0 . 6 ~  band of  COZ These r e s u l t s  
a r e  presented i n  Table 3,%.  In addi t ion ,  i n t r a e a v i t y  modulation 
has been observed on the  following add i t iona l  gasses and l i n e s  
indica ted ,  A l l  l i n e  designations r e f e r  t o  the  l o O O  - 00'1 band 
o f  C02, and underl ining s i g n i f i e s  l a rge  modulation depth, A s  
before ,  an a s t e r i s k  denotes passive Q switching, 
* 
Vinyl Chloride: P(14) . R(18), ~ ( 2 0 )  *, R(22) 
$r 
Propylene: R(24), RQ26) 
1-l Difluoroethme: P(lO), P(129, P ( l4 ) ,  P(241, P(26). 
--
2% 
PrspyPene: R(B8), R(241, R(26) . 
Methyl Chloride: R(3.69, R(f8), K[20), R(22), R(24), 
The many abssqt isn /emissfon eoinefdenees seen with 1-1 Difluoro- 
ethylene m d  1-1 dif lusroethane  warranted f u r t h e r  exmina t ion  of 
Table 3 , l  MoleeuPa~ Gasses Sui table  f o r  In t raeav i ty  
Stark Modulation of t h e  Stronger C02 Laser Lines 
Modulation of 10,6 IA Laser Transi t ion:  
* 
Vinyl Chloride 20% 15% 40% 25% 
Propy Pene smaP B 
- - 
1-1 Difluoromethylene 30% 15% 100% 100% 
l - l Dif Puoro~thane 50% 70% 100% 80% 
* 
Triehloroeth ylene 
P P 
Viny 1 Ch l o r i d e  10% PO% PO% 10% 
Dimethyl Ether Very small Very small 
Note: Gasses marked with an a s t e r i s k  showed pass ive  
P
Q switching a t  higher c e l l  pressures.  
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3 5 Modulator Linear i ty  
Operat ionally,  t h e  Stark  e f fec t  modulator i s  a voltage-  
tuned narrow band o p t i c a l  absorber, Loss modulation of  a s i n g l e  
frequency l a s e r  can be accomp%ished by varying t h e  c e n t e r  frequency 
o f  t h e  absorption through t h e  mo%ecular Stark e f f e c t ,  I f  s i g n i f i c a n t  
modulation is  t o  occur, then t h e  DOC. Stark  f i e l d  and l a s e r  emission 
frequency must be se lec ted  s o  t h a t  Baser o s c i l l a t i o n  falls on a 
high s lope  region o f  t h e  absorption p r o f i l e ,  Having chosen such an 
operat ing p o i n t ,  one may then expand t h e  absorber l ineshape about 
t h i s  point  i n  a power s e r i e s ,  Examination of  t h e  various t e m s  i n  
t h e  usual manner leads d i r e c t l y  t o  predic t ions  s f  harmonic d i s -  
t o r t i o n  whenever t h e  A,C, Stark  f i e l d  i n t e n s i t y  becomes l a rge ,  I t  
must be remembered t h a t  t h e  r a t i o s  of  s e r i e s  c o e f f i c i e n t s  i n  such an 
expansion w i l l  depend upon t h e  degree of curvature around t h e  
operat ing p o i n t ,  In  t e m s  o f  t h e  experiment a t  hand, t h i s  means 
t h a t  t h e  r a t i o  o f  hamonic  mpPitudes w i l l  depend upon t h e  DOC, 
Stark  f i e l d  b i a s  and t h e  l a s e r  operat ing frequency, Additional 
considerat ion must be  given t o  the  absorber pressure ,  s ince  d ipole /  
d ipo le  long range i n t e r a c t i o n s  produce appreciable eolPis ion  
broadening even a t  low pressures ,  
We have observed modulator hamonic  d i s t o r t i o n  i n  severa l  
S tark  e f f e c t  gasses, both i n s i d e  and outs ide  t h e  l a s e r  cavi ty ,  O f  
p s r t f e u l a r  i n t e r e s t  is the  behavior of 1-1 DifPuorssthane as  a 
function sf v a w i n g  A o C o  and D O C o  Sta rk  f i e l d  amplitudes, 
Figure 3,4 shows the  v a r i a t i o n  of modulator response with A.C, 
f i e l d  amplitude, These d a t a  c l e a r l y  show a gradual increase  i n  
hamonic  d i s t o r t i o n  with L C ,  f i e l d  s t r eng th ,  For t h i s  p a r t i c u l a r  
gas /ee l l  combination, t h e  f i r s t  hamonie  appears a t  about 50 v o l t s  
peak t o  peak, and second hamonic  content becomes s t rong at about 
400 v o l t s  p-po The d i s t r i b u t i o n  of  hamonic  energy can a l s o  be 
var ied  by changing the  DOCo b i a s  while holding t h e  A,C,  f i e l d  eon- 
s t a n t ,  as shown i n  Figure 3 , s  . Close inspeet ion  of  these  r e s u l t s  
shows t h a t  t h e  fundamental response which i s  observed a t  zero b i a s  
reappears a t  about 150 v o l t s  o f  DOC, f i e l d ,  but  180' out of  phase 
with t h e  zero b i a s  response. I t  appears then t h a t  t h i s  b i a s  
change i s  j u s t  t h a t  necessary t o  s h i f t  the  a b s o q t i o n  p r o f i l e  across 
t h e  f ixed l a s e r  frequency, Further increases  o f  DOC, b i a s  show a 
r e p e t i t i o n  sf %his  behavior, suggesting t h a t  two e lose ly  spaced 
absofption l i n e s  cont r ibute  t o  t h e  modulation sf P(20) by 1-1 
d i  f luoroethane , 
Although t h e  d a t a  shown here  represent  ine racav i ty  
modulation, s i m i l a r  r e s u l t s  a r e  obtained when t h e  c e l l  is  outs ide  
t h e  cavi ty .  The observed modulation depths a r e  about an order  of 
magnitude smal ler  i n  %he l a t t e r  ease ,  however, s ince  t h e  a b s o q t i o n  
must now reduce t h e  emitted l i g h t  r a t h e r  than the  s i n g l e  pass 
cav i ty  feedback f i e l d ,  
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Figure 3.5 Stark Modulation Respoi~sc- vs, DC Bias Var i a t i on .  
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A t  t h e  h ighes t  d r ive  voltages used during i n t r a c a v i t y  
modulation, t h e  modulation depth of  t h e  l a s e r  output approaches 
loo%, On t h e  b a s i s  o f  t h i s  r e s u l t ,  it appears t h a t  the  use of  
s u i t a b l e  pressures  m d  A,Co modulation waveforms w i l l  produce 
driven Q switching of a Cop l a s e r ,  FOP systems intending t o  
use pulse  modulation t ~ a n s m i s s i s n ,  t h i s  mode would be p a r t i c u l a r l y  
a t t r a c t i v e  because of t h e  increased Baser output obtainable.  
4 ,  COWETTTIQN BETWEEN T M S H T P O N S  IN A C02 LASER 
4 , l  The CO Laser Signature Problem 2 
A CO l a s e r  may o s c i l l a t e  a t  any one of many poss ib le  Pines, 2 
8% t h e  cav i ty  length o f  such a l a s e r  i s  var ied  over a d i s t ance  
X/2 , a l a rge  number of  such l i n e s  o s c i l l a t e  one a t  a time i n  
succession, The l i s t i n g  of t h e  i d e n t i t i e s  of  sueh sequences of 
l i n e s  cons t i tu tes  a t t s ignature t t  of the  l a s e r  and is  a matter  o f  
practical importance i n  t h e  operat ion o f  sueh l a s e r s  i n  remote 
cont ro l led  appl ica t ions  without the  use of  Pine s e l e c t i n g  elements 
i n  t h e  l a s e r  cavi ty ,  
4,2 Apparatus and Experiments 
A reasonably s t a b l e  C02 l a s e r  was constructed s p e c i f i c a l l y  
f o r  these  experiments, The l a s e r  cav i ty  cons is ted  of  two s t a i n l e s s  
s t e e l  d i s c s  separated by t h r e e  23" lnvar  rods of '/qt* diameter. The 
cav i ty  mirrors  were mounted on t h e  d i s c s  with a mirror  separa t ion  
of  approximately 23", Tlhe output mirror  was a germanium f l a t  
dielectricaBBy coated for  80% r e f l e c t i o n  a t  l 0 , 6 ~ ,  The second 
su r face  s f  t h e  f l a t  was A / ~  coated t o  prevent spurious FresneP 
r e f l e c t i o n  a t  t h e  germmiurn - a i r  boundary. The o the r  cav i ty  
mirror  was a 4 m Pyrex s u b s t r a t e  with Au coat ing ,  mounted on a 20 
element p i e z o e l e c t r i c  transPator, The gain eel1 was a 15 inch x 5 mm 
Pyrex tube  with NaCP, Brewseer windw@s, water jacket: and N i  
2 3 
cathode, The tube was clamped i n  two places  t o  one sf t h e  
Envar spacers,  Vacuum and water l i n e s  were connected with Tygon 
tubing t o  minimize mechanical coupling i n t o  t h e  cavi ty .  A i r  spaces 
a t  both ends o f  the  resonator  were enclosed by Mylar d r i f t  tubes t o  
minimize t h e  e f f e c t  sf convection currents ,  Laser output power was 
i n  t h e  range o f  about 750 mw t o  l o 2  wat ts ,  
The experimental apparatus was arranged a s  shown i n  
Figure 4 .  1, This arrangement allowed t h e  simultaneous d isplay  
o f  t h e  en-clre l a s e r  output - V S , cav i ty  length "signature" a s  well  
a s  i d e n t i f i c a t i o n  o f  any c e q o n e n t  element i n  terms of  a 
p a r t i c u l a r  Baser Pine, The cav i ty  length was tuned over XI2 f o r  
t h e  following sequences of parameter changes, 
A,  tlSigmature" o r  l i n e  sequence versus pressure  with 
discharge current  adjus ted  t o  provide maximum l a s e r  
output. a t  each pressure ,  
B, "Signaturet' versus discharge current  a t  constant 
pressure ,  
C, Effect. of gross changes i n  cav i ty  length,  
Do Effect  of  inse r t ion  of loss  i n  t h e  l a s e r  cav i ty  i n  
t h e  f 0 m  of a NaCR d i s c ,  and a l s o  i n  t h e  form of i%n 
unevenly heated NaCR d i s c ,  
E ,  Effeee sf gross changes i n  pressure ,  

Although t h e  va r i a t ion  of these  parameters produces 
complex changes i n  individual  "signaturesn,  it i s  never the less  
remarkable tha% except i n  two extreme eases ,  t h e  l i n e s  P(16) and 
P(20)i of the 10.6~ C02 band always appear i f  t h e  cav i ty  i s  
swept about A / % ,  
4 , s  Experimental Results  
The sequenee of  Figures 4,2 through 4,PO show t h e  changes 
i n  l i n e  sequence as  t h e  Paser pressure was reduced i n  1 Torr  
increments from 18 Torr  t o  l O  Torr ,  In each case t h e  current  was 
readjus ted  t o  optimize l a s e r  ac t ion ,  In a l l  eases t h e  gas f i l l  was 
4,65 peFcent B % S  percent N2, l 6 , 9  percent  C02 and 60.95 percent  
He by p a r t i a l  pressure ,  
Figures 4. B % through 4,B7 i l l u s t r a t e  t h e  e f f e c t  o f  
v a ~ i a t f o n  in discharge euyrent at eonstant pressure ,  The last of 
t h i s  sequence, taken at very Pow exc i t a t ion  l e v e l s ,  shows espec ia l ly  
well t h e  very high gain o f  P(16) and P(20). 
The e f f e c t s  of  l a rge  and a r b i t r a r y  changes i n  cav i ty  length 
a r e  shown i n  Figures 4 , % 8  - 4,2%,  Note t h a t  although t h e  l i n e  
sequence is d r a s t i c a l l y  a l t e r e d  by these  changes, P(16) and P(20) 
s t i l l  survive very well, 
Figures 4,22 and 4 , 2 3  demonstrate t h e  chmges i n  
s ignature  brought about by a f resh  f i l l  of Paser gas. Although the  
2 6 
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Figure 4,%6 
9 -- 15 Tom 
I = 6 ma, 
Polished NaCR f l a t  i n  cavity,  
large tewer;z%ure gradient  i n  flat. 
Figure 4,27 
P = 30 Toor 
9; = 10 ma, 
Figure 4,28 
P = 25 Tosr 
I = 10 ma, 
optimum current  i s  reduced (Q 6ma vs ,  % loma), t h e r e  i s  no change 
-
i n  t h e  presence sf P(l6) and P(209, 
A 5 mm th ick  NaCg window was inse r t ed  i n t o  t h e  l a s e r  cavi ty  
t o  examine t h e  e f f e c t s  sf addi t ional  cav i ty  losses .  Figures 4,29 
throagl~  4,6$ i l l u s t r a t e  these  r e s u l t s ,  The second and t h i r d  s igna-  
tures a r e  those  observed when the  NaCg d i s c  was heated a t  one point  
t o  produce moderate and then severe temperature gradients  i n  t h e  d i s c ,  
Pn t h e  f i n a l  two oseiljiograms, Figures 4 - 2 7  and + ; 0 L 8 ,  
t h e  ef feegs  sf very high pressure a r e  shown, I t  i s  seen t h a t  P(209, 
is always present  i f  l a s e r  ac t ion  occurs a t  a l l ,  but  t h a t  P(16) does 
not  appear above about 26 Tor$, 
4,4 Discussion s f  Results 
The r e s u l t s  o f t h i s  inves t iga t ion  show t h a t  i n  appl ica t ions  
which requi re  remote switching on and off o f  C02 l a s e r s ,  operat ion on 
e i t h e r  P(16) or PC201 s f  t h e  10,6u band i s  most advisable,  s ince  
these  l i n e s  always appear within t h e  Baser ~ s i g f l a t u r e w o  Such l a s e r s  
w i l l  operate e f f e c t i v e l y  provided t h a t  addi t ional  equipment is  
ava i l ab le  which can recogniz 3 t h e  presence o f  l a s e r  o s c i l l a t i o n  on, 
say ,  P(20) and i f  a feedback system is  arranged t o  automatical ly 
tune t h e  cavity length as required t o  maintain t h i s  condit ion,  
Lock i n  reference may be t o  t h e  l a s ing  l i n e  cen te r  o r  t o  an ex te rna l  
a b s o ~ t i s n  ee l% containing another molecu%ar gas, 
5. VERY HIGH RESOLUTION INVERTED LAMB DIP SPECTRA OF SF6 
5,P Backgromd of Hnvestigation 
The technique of i n v e e e d  Lamb d ip  spectroscopy, a s  first 
described by Lee and ~ k o l n i k ~ ,  o f fe r s  a powerful advantage i n  
absorption spectroscopy of  gases, This method improves t h e  
u l t imate  resolut ion from t h e  Doppler Pinewidth t o  t h e  homogeneous 
width of t h e  p a r t i c u l a r  species  iwvo8ved0 For a great  many gases, 
t h i s  r e s u l t s  i n  a resolut ion improvement of one t o  severa l  orders  o f  
magnitude. Applying t h i s  technique t o  t h e  1 0 s  spectroscopy of SF6, 
5 Rabinswitz, Keller ,  and EaTourrette have reported from 1 t o  4 
a b s o q t i o n  l i n e s  coincident with se lec ted  P branch l i n e s  of  t h e  
6 l 0 , 6  11 CO, l a s e r .  According t o  Burak, S te in fe ld ,  and Sutton , 
however, owe shsu%d expect denser SF l i n e  spec t ra  i n  t h i s  region, 6 
Refinement of t h e  technique sf inverted Lamb dip  
spectroscopy combined with h e t e r o d p e  methods has enabled us t o  
observe and measure SF6 l i n e  spec t ra  with spacings of  about l MHz, 
The observed high l i n e  densi ty  r e s u l t s  from t h e  large  molecular 
mass of SF6, t h e  CorioPis s p l i t t i n g  of t h e  t r i p l y  degenerate upper 
v ib ra t iona l  l e v e l ,  %he removal of  t h e  "Ku degeneracy by Cor iol is  
in te rac t ions7 ,  and t h e  presence of hotband t r a n s i t i o n s .  8 
5,% Apparatus and Experiments 
The experimental apparatus is  indicated i n  Figure 5 , l  
Two sealed o f f  C02 lasers  (C021N21HeIl$ = 2.8/2.8/9.7/0.7 Torr) 
were operated i n  iden t ica l  resonators consist ing of a grating f o r  
l i ne  select ion,  a speciaPfy designed 60 em quartz spacer, and a 
piezoeleetrieaPllp. driven mirror f o r  cavi ty  length tuning, The 
l a se r s ,  which operate s ing le  mode, had a shor t  term r e l a t i ve  passive 
9 
s t a b i l i t y  of l : P O  . The output from one l a s e r  entered an over- 
lapping double pass absoq t ion  ee l1  with a t o t a l  path length of 80 em 
and an SF6 pressure of 50 m Ton-, The beam diameter i s  r e s t r i c t ed  
by mirror gesmet9p). t o  l ess  than 5 m, Maxamization of beam overlap 
volume i n  t he  absorption c e l l  optimized the  amplitudes of inverted 
Lamb dips a t  SF6 absonption resonances, A PhiPco GPC-2P6A Ge:Au 
detector was used both fo r  d i rec t  detection,  and a lso f o r  
he t e rodpe  detection through use of the  second l a se r  as  a local  
oseilMator, 
The absoq t ion  l i ne  frequency spacings were determined i n  
the  following manner, While the  local o s c i l l a t o r  l a se r  was biased 
at a convie~niewt reference frequency, t he  probe l a se r  was 
repe t i t ive ly  scmned PO MHz over a one second period by application 
of the  oseilQsscope sawtooth voltage t o  the  cavity mirror tuner,  
The resul t ing inverged Lmb dip pazgem was displayed a f t e r  
selective q P i f f e a t i o ~ ,  A typical pattern. i s  shew. in: Figure 5,2, 
4 3 
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Figure 5 .1  Apparatus f o r  Inverted Lamb Dip A b s o v t i s n  Spectroscopy. 
Figure  5 . 2  Typical &so;rption Spectrum. 
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The beat  frequency between t h e  l a s e r s  was continuousPy monitored 
by a Nelson-Ross Model PSA 205 Spectrum Analyzer operat ing a t  15 
scans/second. Whenever t h e  analyzer tuned through t h e  l a s e r s  beat  
frequency, a marker pulse was introduced on t h e  osci l loscope output. 
The r e s u l t i n g  s e r i e s  of marker pulses ,  once ca l ib ra ted  from t h e  
spectrum analyzer t r a c e ,  formed a frequency s c a l e  from which t h e  
separa t ions  between neighboring inver ted  Lamb dips  could be 
determined, 
Sequential b ias ing of  t h e  10 MHz scanning window across 
t h e  e n t i r e  l a s e s  gain curve produced d a t a  which were assembled t o  
form t h e  composite spec t ra  shown i n  Figures 5.3 and 5.4. 
Suf f i c ien t  runs were made t o  f a c i l i t a t e  t h e  ca lcu la t ion  of a 
meaningful average f o r  each reported frequency separat ion.  Based on 
t h e  average deviat ions of these  runs,  we est imate t h e  reported values 
t o  be accurate t o  9 0.1 MHz, These separat ions appear i n  Tables 
- 
5.1 and 5 , 2  a s  t h e  differences between adjacent absorption f i n e  
frequencies. The r e s u l t i n g  l i n e  spec t ra  a r e  incomplete due t o  t h e  
tendency of t h e  s t ronger  l i n e s  t o  obscure nearby weak l i n e s ,  This 
e f f e c t  is  p a r t i c u l a r l y  not iceable  i n  Figure 5 ,4 .  
The r e s u l t i n g  l i n e  spec t ra  were referenced t o  t h e  coincident 
CO emission l i n e  centers  using t h e  following method. Using t h e  2 
usual  technique of s t a b i l i z a t i o n  by e l e c t r o n i c  Pock i n  sn a zero 
s lope  point  sf t h e  laser i n t e n s i t y  p ro f i l e ,  both l a s e r s  were 
46 
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Figure 5.3 SF Absorption Resonmees Referred 6 
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Figure  5 . 4  SF Absorption Resonances Referred 6 
t o  t h e  P(118) Line Center o f  C 0  2'  
Table 5 , P  Obsemed SF6 kasoqt ion  Line Centers RePaeive 
t o  the P(16) Line Center of COZ Line Designations 
are taken from Figure 5 , 3 ,  
SF6 Freqo 
Line MHz 
A -42,33 
B -4%,45 
e -39,aa 
D -36,93 
E -34,72 
P -311 09 
SF6 Fr€?q0 
Line MHz 
F -25,41 
G -24,42 
H -2P,7P 
2 -17,32 
3 - 7 , a o  
I + 0,46 
SF6 
Line 
J 
K 
L 
M 
4  
5  
Freq 
MHz 
9 2,53  
* 3,84 
"B. 5.52 
* 6,7P 
* 8,8f  
+%I ,96 
SF6 
Line 
N 
0 
P 
Q 
R 
6  
Freq . 
MHz 
920,57 
~ 2 1 ~ 9 6  
925.38 
926,96 
+32,5S 
+35,02 
Table 5 , 2  Observed SF6 Absorption Line Centers Rela t ive  t o  t h e  
P(B8) Line Center o f  CO2@ Line Designations a r e  taken 
from Figure 5 - 4 ,  
SF6 Freqo SF6 Freq. SF6 Freq0 SF6 Freq. 
Line MHz Line MHz Line MHz Line MHz 
A -40,31 9 -P5,40 P + 7 , P 8  k +32,05 
B -39,33 K -P4,93 a *14,82 R +34,P2 
C -36,74 L -B3.18 b +16.19 m +35,85 
D -34,24 M -PP038 e +18,34 n 939.90 
E -30,64 N - 9,40 d +20.74 o +39,62 
F -2%,70 0 - %,48 e +23,43 p +42,00 
G -25,90 P - 6 , 4 l  f 924.56 q 944.71 
H -23,%5 Q - 4 . 9 0  g +26,59 r unresoPved 
= 1 -20,95 R - 3.35 h +27,82 set of  Pines 
I2 -20,28 S - P,35 i ~ 2 9 ~ 4 2  s +51,26 
= 3 -&9,1B T + 0094 j 830.84 t +52,54 
H4 -P8,35 
actively s t a b i l i z e d .  The referenee Paser was locked onto i ts  
emission l i n e  cen te r ,  while t h e  probe l a s e r  was sequen t i a l ly  locked 
onto each inver ted  Lamb d ip  which was s t rong  enough t o  permit 
s t a b i l i z a t i o n  ( the  numbered Pines i n  Figures S 0 5  and 5.4, 
The r e s u l t i n g  beat  frequencies, as  monitored on t h e  spectrum 
analyzer ,  were reprsdueible t o  wi th in  2 percent ,  Using t h e  
frequencies obtained f o r  Pine 1 of P(l8) and Pine 3 of  P(16) , t h e  
e n t i r e  & s o q t i o n  spec t ra  observed i n  our  e a r l i e r  experiment could 
be  r e l a t e d  to t h e  l a s e r  l i n e  cen te r s ,  Tables 5 , l  tnd 5 , 2  
show the  r e s u l t i n g  frequency assignments, 
% , 3  Discussion of  Results 
The technique of  invested Lamb d i p  absorption spectroscopy 
has been used t o  observe and measure t h e  pos i t ions  of  43 SF 6 
absorption r e s o n a c e s  coincident with t h e  P(P8) l i n e  and 24 
resonances wi th in  t h e  P(16) l i n e  of  t h e  1 0 . 6 ~  band of  t h e  C02 l a s e r .  
These Pine spacings,  having separa t ions  on t h e  order  o f  1 MHz, were 
measured and r e f e r r e d  'to t h e  Paser emission l i n e  cen te r ,  This  
method has t h e  advantage of r e so lu t ion  l imi ted  by t h e  homogeneous 
linewidth ( here  l MHz) r a t h e r  than t h e  inhomogeneous broadening, 
which f o r  SF6 i s  29 MHz, 
Class ica l  in f ra red  a b s o v t i o n  spectra o f  SF show s t rong  6 
absorption throughout the  frequency range covered by the  P branch 
of t h e  C02 band around 10.6~. I t  seems ~ i r o b d ~ l e  rhat a grea t  many 
more absorption resonances can be found within t h e  o the r  P branch 
l i n e s  not examined here,  These form an e a s i l y  reproduced s e t  o f  
frequency markers o f  obvious use i n  CO Baser communications systems. 2 
6 ,  PLmS FOR NEXT SEMI-ANNUAL PERIOD, 
$he Stark  modulation s t u d i e s  described i n  s e c t i o n  3 and 
t h e  s a t u r a t i o n  s t u d i e s  described i n  sec t ion  5 w i l l  be continued, 
Additional gases w i l l  be inves t iga ted  t o  s e e  i f  they  a r e  s u i t a b l e  
f o r  use i n  Stark  modulation schemes, In addi t ion  t h e  quest ions s f  
high frequency response and the  p o s s i b i l i t y  of  F,M, modulation using 
t h e  PoekeP's e f f e c t  i n  gases w i l l  a l s o  be inves t iga ted ,  
Two new e f f o e s  have been i n i t i a t e d  and wiff be continued 
i n  t h e  next s i x  months, One of these  e f f o r t s  i s  aimed a t  devel- 
oping our chemical l a s e r  capab i l i ty  s o  t h a t  we can i n v e s t i g a t e  ways 
o f  modulating sueh rad ia t ion  i n  t h e  2 9, 5 micron wavelength region, 
The second e f f o ~  i s  aimed a t  developing our  YbSnTe technology s o  
t h a t  w e  wight use sueh mater ia l  f o r  photo de tec t ion  and a l s o  as  
l a s e r s  i n  t h e  PO micron region, I t  is an t i c ipa ted  t h a t  sueh tunable 
PbSnTe l a s e r s  may b e  useful  i n  our  systematic search f o r  eases 
s u i t a b l e  f o r  t h e  Stark modenlation of  C02 Pase-~s ,  
7, REFERENCES 
1, A, Landman and H, Marmtz, 1969 Conference on Laser 
Engineering and Applications , Washington Do C. , Paper 
9,4, 
2 ,  Po C, @laspy- and Yoh-Hm Pao, Bul le t in  o f  t h e  American 
Physical Sseie ty  - 14, 1193 (4969). 
3,  P, C, Claspy and Yoh-Han Pas, Journal  of t h e  Optical  
Society of America -9 60 717 (l970), 
4 ,  P, H, Lee and M, Lo Sks%wiek, Applied Physics Let ters ,  
10, 303 (19671, 
7 
5,  P o  Rabiwowitz, R ,  KeIPer, a d  J ,  To EaTourette, Applied 
Physics Let ters  - 14, 376 (l969), 
6 ,  1, Burak, J, I ,  Stefnfe ld ,  and D, G o  Sutton,  Journal  of  
Applied Physics, - 39, 4464 (11968). 
7, G, Herzberg, New York, 
Do Maw Nostrmd Co., 1945, 
8, C, K O  N. Pate1 and R, E, Slushes, Physical Review 
Let ters  - 20, 1089 (f968), 
8, LIST OF FIGURES 
Page 
Figure 3,P E ~ e r i m e n t a l  Apparatus f o r  
Stark  Modulation . . . . . . . . . . . . . .  9 
. . . . . . . . . . . . .  Figure 3 , 2  S$a'~"kMsduBation. PO 
Figure 3,s Typical Response During SimuPtaneous 
ModlpmPation and Laser Sweep . . . . . . . . .  13 
Figure 3,4 Stark  MsduPation Response - vs, AC 
F ie ld  Variat ion . . . . . . . . . . . . . .  19 
Figure 3,s Stark  Modulation Response - vs, DC 
. . . . . . . . . . . . . .  Bias Vari a t i s n  21 
Figure 4. P Apparatus f o r  Laser 
. . . . . . . . . . .  Si rna tu re  Experiments 25 
Figure 4-2 Sequence o f  Pines with 18 t o r r  pressure 
. . . . . . . .  m d  % I  ma discharge current  27 
Figure 4,s Sequence o f  Pines with 17 t o r r  pressure 
. . . . . . . .  and 10 ma discharge current  27 
Figure 4,4 Sequence o f  Pines with 16 t o r r  pressure  
. . . . . . . .  a d  PO ma discharge cur ren t ,  28 
Figure 4,5 Sequence o f  l i n e s  with 15 t o r r  pressure  
m d  8 ma discharge current., * Indica tes  
Pines s f  t h e  9 , 4  micron band . . . . . . . .  28 
Figure 4,6 Sequence o f  Pines with 14 t o r r  pressure  
and 7,8 ma discharge cur ren t ,  * Indica tes  
. . . . . . . .  l i n e s  o f  t h e  9 ,4  micron band 29 
Figure 4,7 Sequence o f  Bines with 13 tsrr pressure  
and 8 ma discharge eur ren t ,  * Indica tes  
. . . . . . .  l i n e s  of t h e  9,4 micron band, 29 
Figure 4,8 Sequence of  l i n e s  with 12 t o m  pressure  
. . . . . . . .  and 6 ma discharge cur ren t ,  30 
Figapre 4,9 Sequence of l ines  with B P  t o r r  pressure  
. . . . . . . .  and 5 ma discharge cur ren t ,  30 
Page 
Figure 4,lO Sequence sf l i n e s  with PO t o r r  pressure  
and 4,4 ma discharge current  . . . . . , . 31 
Figure 4 , l l  Sequence of Pines with 15 t o r r  pressure  
and l P  ma discharge current  . . . . . . . 31 
Figure 4,122 Sequence of Pines with 15 t o r r  pressure 
and PO ma discharge current  , . . . , . . . 32 
Figure 4 , % 3  Sequenee sf l i n e s  with PS t o m  pressure  
and 9 ma discharge current ,  * Indicates  
l i n e s  of t h e  9 , 4  micron band, . , . . . . 32 
Figure 4 , l 4  Sequenee of l i n e s  with 15 t o r r  pressure  
and 8 ma dfschwge current ,  * Indicates  
l i n e s  sf t h e  9 , 4  micron band, . . . . . . 33 
F i g u ~ e  4,B5 Sequence of Bines with 15 t o r r  pressure 
and 7 ma discharge cur ren t ,  * Indicates  
Pines of t h e  9 ,4  micron band, . . . . . . 33 
Figure 4,P6 Sequence of Pines with 15 t o r r  pressure 
and 6 ma discharge current ,  . , . . . . , 34 
Figure 4,87 Sequenee of Bines with BS t o r r  pressure 
and 5 ma discharge current ,  . . . . . . . 34 
Figure 4 , l 8  Sequenee sf Pines with 15 t o r r  pressure 
and PO ma cur ren t ,  cav i ty  Pength E . . . . 35 
F i e r e  4 , l 9  Sequenee of l i n e s  with 15 t o r r  pressure 
and PO m a  cu r ren t ,  cavi ty  length increased 
t o  E + 800 mierons, . . . . . . . . .  35 
Figure 4,26 Sequence of  Bines with 15 t o r r  pressure 
m d  80 ma cur ren t ,  cav i ty  Pength increased 
to E + 200 microns. . . . . , . . . . . , 36 
Figure 4-21 Sequence of l i n e s  with 15 t o r r  pressure  
and BO m a  cu r ren t ,  cavi ty  length decreased 
& s L  , . . . . . . . . , . . .  0 0  36 
Page 
Figure 4 , 2 2  Sequenee of l i n e s  with 15 t o r r  pressure  
and 7 ma current  . . . . . . . . . . . . .  39 
Figure 4 , 2 3  Sequence of  l i n e s  with 15 t o r r  pressure 
and 6 ma, f r e sh  gas f i l l ,  * Indica tes  
. . . . . .  Pines of t h e  9 . 4  micron band. 37 
Figure 4 , 2 4  Sequence o f  l i n e s  with 15 t o r r  pressure  
and 6 ma, polished NaCl f l a t  i n  cav i ty  . . 38 
Figure 4 ,25  Sequence o f  Pines with 15 t o r r  pressure 
and 6  ma, polished NaCl f l a t  i n  cav i ty ,  
srna1.l temperature gradient  i n  NaCl, . . .  38 
Figure 4 , 2 6  Sequenee of l i n e s  with 15 t o r r  pressure  
and 6 ma, polished NaCl f l a t  i n  cav i ty ,  
. . .  la rge  temperature gradient  i n  NaC1. 39 
Figure 4 , 2 7  Sequence of  l i n e s  with 30 t o r r  pressure 
and 10 ma cur ren t ,  . . . . . . . . . .  39 
Figure 4 , 2 8  Sequence of  l i n e s  with 25 tsrr pressure  
and PO ma cur ren t ,  . . . . . . . . . . .  40 
Figure 5,B Apparatus f o r  Inverted Lamb Dip 
Absosrption Spectroscopy. . . . . .  . . .  44 
. . . . . . .  Figure 5,% Typical Absorptisn Spectrum, 45 
Figure 5,s SF6 Absorption Resonances Referred t o  t h e  
. . . . . . . .  Pel61 Line Center sf C 0 2 ,  4% 
Fmgure 5 4 SF6 Absorgtio~z Resonances Referred t o  the 
PQ18) Line C e n l ~ i  of C02 4 8 
Page 
Table 3,P Molecular Gasses Su i t ab le  f o r  In t raeav i ty  
Stark Modulation of t h e  Stronger 
. . . . . . . . .  . . .  C02 Laser Lines .. 15 
Table 5,% Observed SF6 Absorption Line Centers 
Relative to t h e  P(P6)  Line Center of C02. 
Line Designations a r e  taken from 
. . . . . . . . . . . . . .  F i g u r e 5 . 3 . .  49 
Table 5 - 2  Observed SF6 % s o q t i s w  Line Centers 
Relative t o  the P(l8) Line Center of C02, 
Line D e s i p a t i o n s  a r e  taken from 
. . . . . . . . . . . . . . .  Figure 5,4,, 50 
